Abstract. We propose to establish an Orbital Stellar Stereoscopic Observatory (OStSO) consisting of two identically equipped spacecrafts (SCs) in the vicinity of two Lagrangian libration points, L4 and L5, of the "Sun -Earth+Moon barycenter" system. The stereoscopic baseline length is B = a √ 3 ≈ 259.111 million km (86.4% of the Earth orbit diameter). Each of the two TsukanovaKorsch three-mirror astrographs has an aperture of 1 m and focal length of 30 m; the focal-plane CCD array is 350 mm in diameter. The expected astrometric accuracy is ±0.0007 ′′ in a single measurement. Each frame in the scientific program is captured synchronously by the two astrographs, allowing to obtain instantaneous parallaxes of stars as far as up to 5 kpc, along with spectral energy distributions (SEDs) of point and extended sources in the Tholen filter system (Zellner et al. 1985) extended to 12-14 bands, including the integral one. We expect the project to provide a large amount of important information for stellar astronomy and for various studies of Galactic objects.
INTRODUCTION
The primary motivation for development of a cosmic stereoscope project was the solar physicists' intention to watch the Sun in three dimensions synchronously from substantially different directions (Grigoryev 1993) . This idea evolved to better understanding of specific features and methods for studying the Sun, its planetary system, and its immediate stellar neighborhood. The stereoscopic method achieves its full power when the instruments are installed in the vicinities of the Western (L4) and Eastern (L5) points that follow Earth in its orbit. They are centers of libration orbits of a third body in the circular restricted three-body problem. The full system of libration centers -solutions to this problem -includes five points, three of which (L1, L2, and L3) were discovered by Euler (1767) , while the remaining two by Lagrange (1772) five years later.
circular libration points L4, L5
1 of the "Sun -Earth+Moon barycenter" system. All major technologies for placing a space observatory at L4, L5 are already established.
However, due to the dramatically different nature of the Sun and other (i.e. "faint") space objects from the point of view of observation techniques, it is impossible to combine a set of instruments for solar studies with that for other branches of astronomy in a single space platform. Hence the need to develop two separate versions of the space stereoscope, the "solar" one and the "stellar" one. The goal of this study is to present a concept of the stellar version, OStSO (Chubey 2010 , Chubey et al. 2013 and to discuss possibilities of its use in the field of stellar astronomy.
PROBLEMS OF STELLAR ASTRONOMY
Contemporary stellar astronomy originated probably in the 18th century from the research of William Herschel who introduced the first techniques for studying stellar population of the Galaxy and conducted observations with instruments built by his own hands. The first stellar density counts, star gage method, the 1 Note that there is a minor confusion in the literature concerning the naming of libration centers that are partial solutions of the classical circular restricted three-body problem. These solutions were first obtained by Euler (1767) who discovered the linear libration points L1, L2, and L3, and by Lagrange (1772) who found the circular libration points L4 and L5 (see Fig. 1 ). Later on all these points became called "Lagrangian points". These two great scientists, Euler and Lagrange, both made an outstanding contribution to the development of mathematics and celestial mechanics. In the real life, they were intimate friends and maintained constant communication with each other. Undoubtedly, they both deserve that the libration centers found by each of them are named after their real discoverers, which would be historically fair and would meet the spirit and tradition of science ethics: L1, L2 and L3 should be properly called Eulerian points, while L4 and L5 -Lagrangian points.
first attempts to classify stars by the color of their light and by their multiplicity, and the first surveys performed by this outstanding pioneer of stellar astronomy establish him as its founder.
As early as in the first three decades of the 18th century, a number of problems were formulated: estimation of true distances to stars, the structure of Galactic formations, stellar flows, double and multiple stellar systems, star clusters, and processes of evolution. Advances in technology during the past two centuries brought these explorations into space.
Space-based observations increased the accuracy of astronomical observations to its theoretical diffraction limit. They also dramatically changed the nature of astronomical research due to a substantially higher complexity of manufacturing the instruments and planning, conducting, and analyzing observations, which requires much more intellectual and material resources than in ground-based observations. Despite the great success of ground-based astronomy, facilitated in the recent two decades by the rise of a number of large telescopic systems for direct and interferometric measurements in all wavelengths, including radio range, it is space-based research that characterizes the new age of science.
Stellar astronomy is in a particular need of a new generation of survey observations done completely in space, in a unified multiband photometric system, and in the common astrometric system. As one of the possibilities, observations of this kind could be fulfilled by means of the proposed OStSO project (Chubey 2010; Chubey et al. 2013 ).
OStSO OBSERVATIONAL CAPABILITIES
The prospective OStSO astrograph (Chubei et al. 2007 (Chubei et al. , 2009 Chubey et al. 2013 ) is supposed to be installed on board of each of the two identical SCs and is designed according to the following specifications: aperture D = 1000 mm, effective focal length f = 30 m, and overall dimensions of 130 × 150 × 400 cm 3 . The focal-plane CCD array with 10×10 µm pixels works in the imaging mode (no driftscanning) and fills a circle of the diameter d = 350 mm, giving an angular field of view of 45 ′ × 45 ′ (0.56 square degrees). With these parameters, the angular pixel size is 0.
′′ 07. As it is known from ground-based CCD astrometry, the accuracy of measuring photocenter positions reaches 0.01 pixels at a signal-to-noise ratio (SNR) of about 100 and is even better for higher SNRs; hence the expected positional accuracy of a single measurement is σ 0 = 0.
′′ 0007. By averaging a sequence of images and measuring objects with high SNRs, we hope to achieve the resulting accuracy σ res ≈ 0.2-0.5 mas.
Using an appropriate optical filter system with 10 to 12 bands, including the integral one from 250 nm to 1100 nm, should allow us to determine SEDs for all objects, both point-like and extended, within the field of view synchronously from two viewpoints separated by B = √ 3a ≈ 259.111 million km. A uniform dataset of this kind obtained in a carefully designed survey program would make it possible to gain a much deeper knowledge of evolutionary processes in our Galaxy as well as in other galaxies.
The OStSO instrumentation provides an equally interesting opportunity for solving the major stellar astronomy problem: to obtain direct trigonometric parallaxes of single and multiple point sources.
OBTAINING INSTANTANEOUS PARALLAXES
Trigonometric parallaxes are the basis of the whole distance scale of the Universe. The classical approach (e.g. Zonn & Rudnicki 1964 ) is based on the following theory:
where a is the semimajor axis of the Earth's orbit, T is the Earth's orbital period, and r is the distance to the star S (see Fig. 2 ). But parallax is π ≈ tan π = a/r, and, expressing all quantities in arcseconds, we have:
We have to determine the quantities
a set of five unknowns, where λ 0 , β 0 is the mean position of the object, while λ, β is its observed position in ecliptic coordinates; time t is the argument. What do we get instead when using the synchronous direct parallactic displacement method? Let us consider the schematic presentation in Fig. 2 .
In the classical approach adopted both in the Hipparcos experiment and in the current Gaia survey, the parallax is determined by simultaneously solving, in principle, a non-closed system of conditional equations against unknowns (3); the radial velocity component V r is estimated, in Gaia, using a medium-dispersion spectrograph only for the bright part of the survey. If we simplify the system of equations to the limit by reducing the process to observations from two opposite points of the Earth orbit, E1 and E2, separated by half a year, then we get their projections E ′ 1 and E ′ 2 (see Fig. 2 ), accounting for proper motion of the star during this period as a half of the annual proper motion, 1/2 √ µ 2 x + µ 2 y = 1/2µ xy , or a half of the apparent tangential displacement. In ground-based environment, this is complicated with changing instrument properties and observing conditions over half a year and the necessity to observe at dawn and dusk. Obtaining the quantities (3) requires observations with instruments that maintain stability over decades.
In orbital observations, this is further complicated with a number of hardly predictable parameters like SC motion, temperature-related and random instrument changes due to SC entry into the Earth shadow and exit from it, and interaction with its magnetic and other fields. Taking all these parameters into account implies building a very complex set of equations, excluding mutual parameter correlations, and finding a global solution.
On the contrary, when using the OStSO instruments for synchronous observations from the vicinities of the Lagrangian libration points L4 and L5 within the range of the baseline perspective B = √ 3a, we have two projections, L ′ 4 and L ′ 5, of the star S; here the parallactic displacement ∆λ = √ 3π is not affected by proper motion since the duration of measurement is reduced to the exposure time. Parameter t is not present in this equation, being used only as the chronological index of the observation. Both the observer and the object being measured can be treated as fixed on timescales of several minutes, and time t is not involved at all. This method allows one to measure direct instantaneous parallaxes of all stars that have SNRs above a certain limit and that are within the stereo perspective range.
One of the possible ways to distinguish nearby objects that are within the stereo perspective B from distant ones, with parallaxes beyond the OStSO sensitivity limit, is a simple "polygon" method (Fig. 3) . The idea behind this method is to find an invariant polygon that is the same in two frames from both instruments. Beyond the range where two directions become indistinguishable within error σres, there are "background" stars 1,. . . ,6 and so forth that make a polygon, same in both images to within σres and serving as a reference for obtaining mutual displacements and hence instantaneous parallaxes of closer stars.
OBSERVATIONS OF MICROLENSING EVENTS
The prospective OStSO instrumentation can be also used for observations of the extremely interesting microlensing phenomenon (Chubey 1998 ). There are numerous theoretical investigations and ground-based campaigns (MACHO, EROS, etc.) on the subject. The interest on the problem is high, since a natural gravityforce telescope is the only instrument that can provide information on the structure and properties of many objects in such detail; here observations are initiated by the nature itself.
Taking into account a high grade of astrometric and photometric resolution expected for the OStSO instruments, it is challenging to obtain a whole cycle of observations of a microlensed image passing through the solar system. The idea of such a cycle is illustrated in Fig. 4 .
Observations of this kind are only possible on request from ground-based survey programs, like MACHO or EROS. It is not practical to search for such events with the OStSO: this requires resources that are not expected to be implemented in outer space in the foreseeable future. Instead, alert-type observations are possible and may provide information of such quality that is not yet achievable elsewhere. 
Observations of a transit of an image created by the natural gravity telescope. A massive object L crosses the line "Earth-orbiting observer O -lensed object S". The photon flux from object S is focused by the gravity field of object L along the SL line, starting from the minimum distance from the object L, in the xm point, which forms the area of the focused image along the axis. (b): The section of the area by the ecliptic plane is a spot with maximum brightness C moving along V ecl . (c): Observers in three points L4, T (Earth), and L5 detect the rise and fall of brightness m(t) in several color bands, accounting for the orbital motion. Placed on the same time scale, the dynamics of the event allows us to obtain unique information on physical conditions, gravity field of the object L, distances and velocities, existence of satellites of S, and so forth.
In practice, observations of this kind require only a minimal fraction of OStSO resources -no more than 1-2 hours per day to get two or three pairs of direct images in two or three color bands, e.g. in U , B and I.
Application of the OStSO to the fundamental problem of asteroid and comet threat to human civilization is also considered as one of the most important goals of the project (Chubey et al. 2009 (Chubey et al. , 2013 . In this regard, the Tholen photometric system proposed to obtain SEDs of deep-space objects is also best suited for nearEarth object studies, since it serves as an instrument for taxonomic classification of objects that is tightly linked up with the existing ground-based data on these objects.
DISCUSSION
Creating a space-based observatory that can synchronously capture stereo images of objects with extended spatial structure -like the Sun, planets or asteroidsis highly demanded. Imaging in the OStSO is done in stabilization mode, similarly to how the Hubble space telescope does it. The limiting magnitude of 25 mag in the V band with diffraction-limited imaging in the whole field of view of up to 45 ′ guarantees high-resolution deep surveys with stereo effect. Until now, no such projects were planned.
The unique conditions in the vicinities of the Lagrangian libration points are so suitable for fundamental observations of solar system objects that we can definitely say that, during the 21st century, these points will be occupied by spacecrafts. We think that the OStSO project with its important technical advantages and a perspective scientific program has a good chance of being implemented as a first attempt on this way if it is supported by the scientific community. Assuming the currently existing state-of-the-art technologies, the project has an estimated lifetime of about six years, which is sufficient to verify the basic idea and obtain unique observational material. We also propose a number of technical solutions on spacecraft structure, astrograph suspension and pointing mechanics, and data transmission. The project team keeps itself assured that the project remains important, based on the favorable and supporting feedback from numerous researchers, including those who participated in the conference on stellar astronomy held last year in Rostov.
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